Serum uric acid (SUA) and apolipoprotein B (apoB) are markers of the risk of morbidity and mortality. However, no study has investigated their role, simultaneously with nutritional factors, on the risk of mortality. We calculated the dietary uricaemia score (DUS) and the dietary atherogenic score (DAS) and evaluated their associations with the risk of all-cause and cause-specific mortality. Data from the NHANES 1999-2010 study were used. Vital status through the 31 December 2011 was ascertained. Reduced rank regression models followed by stepwise linear regression analyses were applied on 39 macro/micronutrients to identify a dietary pattern most predictive of SUA (DUS) and apoB (DAS). Overall, 20,256 participants were included (mean age: 47.5 years; 48.7% men). DUS consists of 14 contributors (eight positive, six negative), whereas DAS consists of 23 contributors (six positive, 17 negative). An increasing risk of cause-specific mortality was found across the quartiles (Q) of DUS, i.e., participants with the highest score of DUS (Q4) had a greater risk of all-cause (hazard ratio (HR): 1.17, 95% confidence interval (CI): 1.07-1.30), cardiovascular disease (CVD) (HR: 1.36, 95%CI: 1.21-1.59) and cancer (HR: 1.06, 95%CI: 1.01-1.14) mortality compared with Q1. Similarly, participants at the highest DAS quartile had 25, 40 and 11% greater risk of all-cause, CVD and cancer mortality, respectively, compared with Q1. For the first time, we reported an underlying shared link between two atherosclerosis factors (SUA and apoB) and nutrients, as well as their joint adverse impact on all-cause and cause-specific mortality.
Introduction
Non-communicable diseases (NCDs), mainly cardiovascular disease (CVD), stroke, cancer, diabetes and chronic respiratory disease, are an increasing cause of morbidity and mortality worldwide [1] . Worldwide, regardless of gender, age or membership of social group, the spread of NCDs is a global according to the analysis of data for 2-year NHANES survey cycles between 1999 and 2010, restricted to participants aged ≥18 years. Details on the NHANES Laboratory/Medical Technologists Procedures and Anthropometry Procedures are described elsewhere [37, 38] .
A blood specimen was drawn from an antecubital vein. Glycated haemoglobin (HbA 1c ) and fasting blood glucose (FBG) were measured using a Tosoh A1C 2.2 Plus Glycohemoglobin Analyzer (Tosoh Bioscience, San Francisco, CA, USA) and a hexokinase method using a Roche/Hitachi 911 Analyzer and Roche Modular P Chemistry Analyzer (Mannheim, Germany), respectively [39] . Other laboratory test details are available in the NHANES Laboratory/Medical Technologists Procedures Manual [40] . Hypertension (HTN) was diagnosed in individuals with systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg, or those on antihypertensive medication [41] . T2DM was defined as a self-reported treatment of diabetes or FBG ≥126 mg/dL [42] .
Smoking status was self-reported.
Dietary intake was assessed via 24 h recalls obtained by a trained interviewer, with the use of a computer-assisted dietary interview system with standardized probes, i.e., the United States Department of Agriculture Automated Multiple-Pass Method (AMPM); this method enhances the accuracy and completeness of data collection, while minimizing respondent burden [43, 44] .
Calculation of the Dietary Hyperuricaemia Score (DUS) and Dietary Atherogenic Score (DAS)
The derivation approach, which we applied was empirical hypothesis-oriented. We used 37 micro and macronutrients: protein (g), carbohydrate (g), total sugars (g), dietary fibre (g), total fat (g), total saturated fatty acids (g), total monounsaturated fatty acids (g), total polyunsaturated fatty acids (g), cholesterol (mg), vitamin E (mg), retinol (µg), vitamin A (µg), α-carotene (µg), β-carotene (µg), β-cryptoxanthin (µg), lycopene (µg), lutein and zeaxanthin (µg), thiamine (vitamin B1) (mg), riboflavin (vitamin B2) (mg), niacin (mg), vitamin B6 (mg), folic acid (µg), choline (mg), vitamin B12 (µg), vitamin C (mg), vitamin K (µg), calcium (mg), phosphorus (mg), magnesium (mg), iron (mg), zinc (mg), copper (mg), sodium (mg), potassium (mg), selenium (µg), caffeine (mg), theobromine (mg), and alcohol (g), and applied them in reduced rank regression (RRR) models to derive a DP predictive of SUA and apoB (as predictors) separately. Then, we used the first factor obtained by RRR and performed further data reduction in stepwise linear regression analyses, with RRR DP as the dependent variable and the 39 micro/macronutrients as independent variables. For weighting, we used regression coefficients. The stepwise linear regression analyses identified 14 micro/macronutrients for DUS and 23 micro/macronutrients for DAS; micro/macronutrients were weighted and summed for each participant to constitute the DUS and DAS. For both DUS and DAS, higher (more positive) scores indicated a higher adherence to uricaemia and atherogenic diets, respectively, whereas lower (more negative) scores indicated lower adherence to uricaemia and atherogenic diets, respectively. We applied the same approach for other CVD risk factors (Under-review).
Mortality
The anonymized data of NHANES 1999-2010 participants were linked to longitudinal Medicare and mortality data using the NHANES assigned sequence number. Mortality follow-up data are available from the date of survey participation until 31 December 2011. We recorded all-cause mortality, as well as mortality due to CVD (I00-I09, I11, I13, I20-I51 and I60-I69) and cancer (C00-C97). The cause of death was determined using the 10th revision of the International Classification of Diseases (ICD-10).
Statistical Analysis
Analyses were conducted according to the guidelines set by the Centers for Disease Control and Prevention for analysis of the NHANES dataset, accounting for the masked variance and using their suggested weighting methodology [45] . Continuous and categorical demographic variables were compared across DUS and DAS quartiles using analysis of variance (ANOVA) and chi-square tests, respectively. Multivariable Cox proportional hazards were applied to determine the hazard ratios (HRs) and 95% confidence intervals (CIs) of mortality (all-cause, CVD and cancer) for DUS and DAS; the first quartile (Q1) was always used as reference. To derive the HR and 95% CIs, we used two different models: Model 1 adjusted for age, gender, race, education, marital status, poverty to income ratio, total energy intake, physical activity, smoking and alcohol consumption; Model 2 adjusted for age, gender, race, education, marital status, poverty to income ratio, total energy intake, physical activity, smoking, alcohol consumption, body mass index (BMI), HTN and T2DM.
A two-sided p < 0.05 was used to characterize significant results. Data were analysed using SPSS ® complex sample module version 22.0 (IBM Corp, Armonk, NY, USA).
Results
A total of 20,256 volunteers participated in the study (mean age = 47.5 years; 48.7% men). Their demographic characteristics across the quartiles of DUS and DAS are shown in Table 1 . With regard to DAS, participants in the highest quartile (Q4) were younger, had higher a BMI, lower education level, and were more likely to be smokers compared with those in the first quartile (Q1, p < 0.001 for all comparisons). Participants in the highest quartiles of DUS and DAS had significantly greater total energy intake as well as greater consumption of total fat and carbohydrates with a lower intake of fibre (p < 0.001 for all comparison, Table 1 ).
Of the 37 micro/macronutrients, 14 were significant contributors to the DUS, with eight positively and six negatively associated. Furthermore, 23 of them were significantly associated with the DAS, six positively and 17 negatively. Common nutrients for both DUS and DAS were: carbohydrate, total fat, saturated fatty acid, cholesterol, sodium and alcohol (positive associations) as well as dietary fibre, polyunsaturated fatty acid, vitamin E, thiamine, niacin, riboflavin vitamin B6, folic acid, lycopene, choline, vitamin C, calcium, phosphorus, magnesium, selenium, potassium and zinc (inverse associations).
During the median follow-up of 11.3 years, 3433 deaths were recorded, including 962 CVD deaths and 799 due to cancer. Risk of death across (cause-specific and all-cause) across the DUS and DAS quartiles were calculated with the use of the multivariable Cox regression model are shown in Table 2 . In Model 1, all-cause mortality was increased across the quartiles of DUS; participants in Q3 and Q4 had a 12 and 30% higher risk for all-cause mortality compared with those in Q1 [HR: 1.12 (95%CI: 1.08-1.19) and 1.30 (95%CI: 1.12-1.45) for Q3 and Q4, respectively; p-trend = 0.029). After further corrections for BMI, HTN and T2DM in Model 2, the magnitude of the association decreased, but remained significant and positive, for Q3 (HR: 1.09, 95%CI: 1.05-1.15) and Q4 (HR: 1.17, 95%CI: 1.07-1.30; p-trend = 0.034). CVD mortality also increased across quartiles of DUS [in Model 1: HR: 1.11 (95%CI: 1.04-1.17) for Q2, 1.16 (95%CI: 1.12-1.20) for Q3 and 1.45 (95%CI: 1.12-1.89) for Q4; p-trend < 0.001, Table 2 ]. After further adjustments in Model 2, the associations were reduced but still significant for Q3 and Q4 [HR: 1.04 (95%CI: 1.02-1.07) and 1.36 (95%CI: 1.21-1.59), respectively; p-trend < 0.001]. With regard to cancer mortality, a significant and positive link was observed only for the participants in Q4 of DUS compared with those in Q1 [Model 1: HR: 1.11 (95%CI: 1.04-1.18); Model 2: HR: 1.06 (95%CI: 1.01-1.14)]. Analysis of variance or chi-square were used to compare the groups across the quartiles. Values expressed as mean ± standard error of mean or %. Similar results were found for the DAS. In Model 1, participants in Q3 and Q4 had a 30% and 40% higher risk of all-cause mortality compared with those in Q1 (p-trend = 0.018); the corresponding values were 9% and 25%, respectively, in Model 2 (p-trend = 0.042, Table 2 ). CVD mortality increased across quartiles of DAS [in Model 1: HR: 1.16 (95%CI: 1.05-1.28) for Q2, 1.34 (95%CI: 1.19-1.55) for Q3 and 1.55 (95%CI: 1.45-1.62) for Q4; p-trend < 0.001, Table 2 ]. After further adjustments in Model 2, the associations were attenuated but still significant [HR: 1.08 (95%CI: 1.02-1.13), 1.28 (95%CI: 1.05-1.54) and 1.40 (95%CI: 1.10-1.79), respectively; p-trend < 0.001]. With regard to cancer mortality, a significant and positive link was found only for the participants in Q4 of DAS compared with those in Q1 [Model 1: HR: 1.15 (95%CI: 1.08-1.17, p-trend = 0.468); Model 2: HR: 1.11 (95%CI: 1.04-1.19, p-trend = 0.327)] ( Table 2 ).
Discussion
Using data from the NHANES database, we prospectively evaluated the associations of two empirical hypothesis-oriented dietary indices (i.e., the DUS and DAS) that represent diets with increased uricaemia and atherogenic risk, with all-cause/cause-specific mortality. Participants with higher DUS and DAS were more susceptible to all-cause and CVD mortality (all p < 0.042). Of note, after correction for cardiometabolic risk factors (i.e., BMI, HTN and T2DM), the associations were diluted but remained significant. Regarding cancer mortality, significant and positive links were observed only between participants in Q4, compared with those in Q1, for both DUS and DAS; the relationships were attenuated after adjustments for BMI, HTN and T2DM. To the best of our knowledge, this is the first study to evaluate the complex effects of adherence to "uricaemia" and "atherogenic" diets on the risk of all-cause and cause-specific mortality.
To date, only a few studies and meta-analyses confirmed that elevated SUA levels increase the risk of heart failure and ischaemic heart disease (IHD) [13] , as well as the components of metabolic syndrome [46] . However, the results of the Mendelian randomization study published in 2016 indicated no relationship between SUA and CHD. This suggests that SUA is not a causal factor, but may act as a marker of the development of CVD [47] . The NHANES I Follow-Up Study (n = 5926 individuals, follow-up = 16.4 years) reported that levels of elevated SUA were significantly related to a greater risk of CVD mortality [48] . Furthermore, Zhao et al. in 2013 noted the gender difference (stronger in women than men) between CVD and SUA [16] . Uric acid impairs nitric oxide synthesis (NOS), leading to vascular endothelial dysfunction [49] . In this context, flow-mediated vasodilation, a marker of endothelial function, was significantly lower in hyperuricaemic patients [50] . Of note, endothelial dysfunction represents a pro-thrombotic, pro-constrictive and pro-inflammatory state.
Several dietary factors may affect SUA levels, including (purine-rich) meat and sea-food, alcoholic beverages (especially beer) and sugar-sweetened soft drinks (as SUA raising components), and dairy and coffee as potentially SUA-lowering agents [32] . These dietary factors may influence SUA by providing purines as precursors of uric acid, increasing or decreasing nucleotide turnover, or by affecting the renal excretion of uric acid. In line with our findings, clinical trials reported that subjects with higher adherence to the DASH and Mediterranean diets (rich in polyunsaturated fatty acids, vitamins and minerals) might have lower SUA levels [17, 51] . The ATTICA study, comprising 2380 men and women without renal disease or CVD, reported that adherence to the Mediterranean diet was related to lower SUA levels [51] .
A cohort study between 2002 and 2012 conducted on a group of 375,163 South Koreans, reported that both low and high SUA concentrations were predictive of increased mortality, supporting a U-shaped association [52] . Although the mechanisms underlying the increased risk of mortality related to low SUA levels is not completely identified, there are some probable explanations. For example, reduced SUA concentrations may reflect malnutrition [53] . Furthermore, uric acid acts as an antioxidant, by increasing superoxide dismutation to hydrogen peroxide, thus decreasing the availability of superoxide and its harmful interaction with nitric oxide [36] . Therefore, low SUA levels may represent a decreased antioxidant capacity. On the other hand, it has been proposed that individuals with hyperuricaemia are at an increased risk of atherosclerotic disease [54] .
In accordance with our findings, the Mediterranean diet (diet high in fibres, legumes, fruits, vegetables and unprocessed grains with low consumption of meat and meat products) was reported to increase the size of low-density lipoprotein (LDL) and reduce LDL-apoB100 concentrations, mainly by enhancing LDL catabolism, even in the absence of weight loss in men with metabolic syndrome [55] . Furthermore, a cross-sectional study of 35 pregnant women showed that mothers at the low Mediterranean diet score (representing a diet poor in fibre and folate, rich in cholesterol, with low polyunsaturated (PUFA) + monounsaturated/saturated fatty acids (MUFA/SFA) ratio, and high SFA/carbohydrates (SFA/CHO) and ω-6/ω-3 PUFA ratios) delivered neonates with high LDL-cholesterol, apo B levels and a high apo A1/apo B ratio [56] . Therefore, a healthy diet can play a significant role in prevention of chronic diseases even from an early age [56] . In contrast, a randomized clinical trial comprising 155 T2DM patients indicated no significant changes in apo B levels after 6 months of high fiber or low glycaemic index diet [57] . However, larger studies with a longer follow-up are needed to extract safe conclusions.
Strengths and Limitations
Major strengths of our study include the design and use of novel, prospective, food-based dietary indexes. Furthermore, analyses were adjusted for a wide range of available covariates, thus reducing the potential for residual confounding bias. With regard to limitations, the analysis relied on a one-time measurement for dietary and covariate data; this may increase within-person variation. Some methodological issues to be considered in interpreting our findings also include potential measurement error in the self-reported dietary and lifestyle data. Furthermore, although we adjusted for several potential variables, we cannot completely rule out confounding by unmeasured factors. Further, in this study because of the high chance of the co-linearity, we were not able to include estimated glomerular filtration rate (eGFR) in our model once we were considered the SUA as a risk factor. However, it would be good for future studies to consider this fact if their model allows them.
Conclusions
All-cause and CVD mortality significantly increased across quartiles of both DUS and DAS in a large multi-ethnic US adult population. With regard to cancer mortality, significant and positive links were observed only between participants in the highest DUS and DAS quartiles compared with those in the first quartile. These associations were attenuated (but remained significant) after adjustments for BMI, HTN and T2DM. Therefore, dietary interventions to minimize the adverse effect of uricaemia and atherogenic potential of diet might contribute in reducing all-cause and cause-specific mortality. Further research is required to establish the implications of such health policies.
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